Scapular stabilization is thought to have an important role in improving pain and dysfunction around the neck and shoulders, but evidence of this is lacking. We aim to systematically review the effect of a scapular stabilization exercise (SSE) on pain and dysfunction in patients with nonspecific chronic neck pain (NP). We searched the PubMed, EMBASE, CINAHL, and Cochrane Library databases using the terms (NP [MeSH] OR NP OR cervical pain OR neck ache OR cervicalgia) AND (scapular exercise OR periscapular exercise OR SSEs). We included suitable studies that met the study's inclusion criteria. Among the 227 studies identified by our search strategy, a total of four (three randomized controlled studies and one prospective study) met the inclusion criteria. The SSE was intense. It included three sets of 10 repetitions. In most of the studies, the exercises were conducted 3 times per week. Most studies reported that the SSE improved pain and dysfunction in patients with nonspecific chronic NP; however, the reviewed articles did not use the same variables for measurement. Additionally, the sample size was small. Although several studies show that SSE might improve NP and dysfunction, the effects of SSE on pain and dysfunction in the neck region remain unclear because the number of studies was small. Further high-quality studies are necessary to identify the detailed effects of SSE in patients with NP.
Introduction
Neck pain (NP), a common musculoskeletal disorder, involves discomfort and pain around the neck region, resulting in limited neck function [1] . The annual prevalence of NP is reportedly 30%-50% in the adult population, and it persisted until the 1-year follow-up in 34.3% of patients who developed NP [1, 2] . Persistent pain can reduce the quality of life (QOL) of patients, as well as cause an economic burden [3] .
Various factors-such as female sex, older age, high job demands, low social/work support, ex-smoker status, and a history of lower back disorders-are linked to the development of nonspecific NP [4, 5] . Among them, the working conditions of office workers cause postural malalignment in the neck and shoulder regions [6] . Patients with nonspecific NP display altered dynamic scapular stability during scapular orientation [7] [8] [9] . There is increasing interest in scapular stabilization for patients with NP because of the close relationship between the neck and scapula [10] .
The scapular bone connects the neck and shoulder and plays a very important role in stabilizing the neck and shoulder complex. A previous study reported that patients who suffer from NP have malfunctions, such as decreased clavicular retraction and upward rotation [8] . The axioscapular muscles, including the trapezius, serratus anterior, rhomboid major and minor, and levator scapulae, are attached to the scapular bone and can attribute to movement of the neck and shoulder complex [9] . Several studies demonstrated that tightness and weakness of the axioscapular muscles could induce scapular dyskinesis, which refers to abnormal scapular position or movement [11] [12] [13] . In recent years, several studies have examined scapular stabilization in patients with NP [14] [15] [16] [17] .
According to two systematic reviews [18, 19] , general exercise therapy (strengthening and endurance exercises for the neck region) in patients with nonspecific NP was effective in treating NP and reducing functional disability. Despite the intervention of comprehensive exercise interventions in these patients, little is known about the effect of the scapula on cervical pain, neck function, and the QOL in patients with NP. Although several studies have reported that scapular-focused exercises reduce pain and improve function in shoulder disease [20] [21] [22] [23] , data on the effectiveness of scapular stabilization exercise (SSE) on cervical pain and QOL is lacking.
The goal of this systematic review is to identify the ef-fectiveness of SSE on function and pain in patients with nonspecific NP and suggest its importance in the treatment of cervical pain.
Materials and Methods

Data sources and searches
The PubMed, EMBASE, CINAHL, and Cochrane Library databases were searched using the following terms: (NP [MeSH] OR NP OR cervical pain OR neck ache OR cervicalgia) AND (scapular exercise OR periscapular exercise OR SSEs). The search included articles published between 1970 and 2018, and all articles identified in the search were evaluated.
Inclusion criteria
Prospective studies (nonrandomized) and randomized controlled trials with comparison trials were included. Reports conducted in humans aged >18 years with nonspecific NP were included. Only studies published in English were eligible for inclusion. Reviews and case reports were excluded. Studies that included subjects with a history of cervical disc herniation and cervical surgery were also excluded.
Study selection
Two authors (Seo and Min) independently reviewed the studies identified by the search and extracted articles that met the inclusion criteria. The titles of all articles were reviewed first. Disagreement between the two reviewers was resolved by discussion. In cases in which an agreement could not be reached, a third author (Kang) reviewed the title to determine whether it should be included. The same procedure was used to review the abstracts and, again, to review the full text. All articles were rated using the PE-Dro scale ( Table 1 ).
Results
Study identification and characteristics
The search strategy initially yielded 227 articles, of which four met our inclusion criteria. In the title review, 200 studies were excluded because of search term mismatch. Nine studies were excluded because of duplication, leav-ing 18 articles for abstract screening. Of them, 11 were excluded and seven met the inclusion criteria. Three articles were excluded by full text review, and the remaining four were included in this systematic review (Fig. 1 ). The included studies (three randomized controlled trials, one prospective study) were published between 2014 and 2018 in Korea, Denmark, and Turkey. Most studies defined chronic NP as pain that persisted for 3-6 months in the cervical and shoulder region. The definition of SSE was not described in all reviewed articles ( Table 2 ).
Scapular stabilization exercise
The reviewed articles did not define SSE. Strengthening exercises were most often used. The upper trapezius and serratus anterior muscles were commonly targeted [14] [15] [16] [17] . The lower trapezius and sternocleidomastoid muscles were targeted in a study conducted by Kang et al. [16] .
The exercise types were varied. A total of 14 exercisesincluding press-up in a chain, push-up plus [14] , supine deep breathing, supine shoulder at 90° of flexion with scapular protraction, arm raise in the quadruped position, lateral arm raise with 2 kg dumbbells, posture education [15] , prone I, prone Y, prone T, prone W [16] , scapular retraction, lateral pull-down and push-up plus exercise [17] -were performed in the reviewed articles. The pushup plus exercise was conducted in two studies [14, 17] . There is currently no international agreement on the definition of SSE.
Exercise prescription
All articles included in this study suggested an exercise prescription that consisted of exercise frequency, intensity, time, and type. The general exercise frequency was 3 times per week. However, one study prescribed a once-daily frequency [17] . The exercise intensity was described as repetitions, sets, and holding time. Commonly, 10-20 repetitions and three to five sets held for 3-10 seconds were performed. However, the exercise intensities progressively increased over the intervention period in only one study [17] . The maximal intervention time was 30 minutes in two studies [15, 16] and 20 minutes in one study [14] . The study by Yidiz et al. [17] did not specify the exercise time.
The exercise focused on stabilizing the scapular bone using strengthening exercise. The intervention duration in three of the studies was 4 weeks, whereas that of the fourth study was only 10 weeks [17] . The exercise intervention was conducted in a center with supervision.
Clinical outcome
1) Pain scale A neck function scale score was included as a clinical outcome before and after the exercise intervention. The Visual Analog Scale (VAS) score was used to evaluate cervical pain in two articles [15, 17] . The mean scores were 6.3±1.7 before and 3.1±1.1 after the intervention in one study [15] , whereas the pain scores were not reported in the other study. One study used self-rated pain intensity for the study and showed significant intergroup change in the neck and shoulder regions (p<0.01) [14] . The study conducted by Kang et al. [16] did not measure pain in the neck region.
2) Neck function
In two articles, neck function was evaluated using the Neck Disability Index (NDI) [15, 17] . The NDI results were controversial between the two articles. One study published in 2016 described the change in NDI after exercise therapy as improvement from 14.4±8.1 to 7.9±3.1 in the study group [15] . Other studies showed a significant difference in the exercise group before and after intervention, but not between groups (F=2.9, p=0.1). Two studies did not measure neck function after the intervention [14, 15] .
3) Muscle activity
Muscle strength was assessed using an isometric exercise type in two articles [14, 16] . The upper trapezius, lower trapezius, serratus anterior, and sternocleidomastoid muscles were targeted. The upper trapezius and serratus anterior muscles were selected in three studies [14, 16] . The muscle activity results demonstrated decreased upper trapezius and increased serratus anterior and lower trapezius muscles activity after the intervention. 4) Quality of life QOL was measured in only one study [15] , which used the World Health Organization QOL Assessment-Brief questionnaire. QOL was improved after application of the SSE, with an increase from 84.1±9.4 to 96.1±5.4 in the exercise group.
Discussion
Here, we reviewed the recent literature to identify the effect of SSE on pain and the clinical outcome of patients with chronic NP. The exercise interventions mainly consisted of strengthening exercises, focusing on the periscapular muscles, including the trapezius, serratus anterior, and rhomboid muscles. Scapular stabilization may improve NP and function, but the evidence of this in the reviewed articles was insufficient.
Scapular stabilization exercise
The general program for patients with NP consists of stretching, strengthening, and functional exercises [19] . In this systematic review, all four studies used strengthening exercises for the periscapular muscles. One article mentioned that scapular stabilization involves a set of exercises that strengthen the shoulder girdle muscles to restore normal scapular motion and correct dyskinesia [24] , but SSE was not described in any of the reviewed studies. We used the terms SSE, periscapular exercise, and scapular exercise to search for relevant articles. These terms were used differently in the previous studies. The serratus anterior, rhomboid major and minor, levator scapulae, and trapezius muscles are the main muscles that stabilize the scapula [24] . The scapula-stabilizing muscles were targeted for strengthening in the reviewed articles [24, 25] . The exercise terminology differed among the reviewed articles, whereas three studies used specialized exercise terms, such as prone I, Y, and T. The fourth study used descriptive terms, such as supine shoulder at 90° of flexion with scapular protraction, to describe the exercise [15] . Previous studies inconsistently used exercise terms. Therefore, further research using consistent terminology is needed to establish a definition of SSE [14] [15] [16] [17] .
Exercise prescription
All four reviewed articles suggested an exercise prescription according to exercise frequency, intensity, time, and type. According to a systematic review and meta-analysis [19] , the exercise frequency for patients with chronic nonspecific NP was most commonly 3 times per week. In patients with shoulder disease, SSE was also performed 3 times per week [21, 22] . The exercise frequency of 3 times per week in this systematic study was similar to that in previous studies [19, 21, 22] . The exercise intensity in the reviewed articles was described in terms of repetition and sets. In this study, repetition and sets were 10-20 and three to five, respectively. The exercise intensity with a low load and high repetition is associated with improved muscle endurance [26] . The scapular stabilizers are local muscles that contribute to stability of the scapular girdle. High repetition and multiple sets would improve muscle endurance. The progressive increase in intensity should be considered since not all articles in this study increased the exercise intensity over the intervention period. Exercise time is also an important factor in increasing the effect on exercise intervention, and the exercise times used in the reviewed articles were similar to those in previous studies [21, 22] . Three studies included strengthening exercises using the patient's body weight, whereas the fourth study [16] used an exercise ball for stabilizing the scapular girdle. Several studies [21] [22] [23] 27] reported SSE that consisted of stretching, strengthening, and functional exercise, although these studies focused on patients with shoulder disease. Further studies are needed to identify the effect of combined exercise types, including stretching or functional exercises, in patients with nonspecific NP for comparison with the results of other studies.
Clinical outcome
The incidence of self-reported NP was 213 per 1,000 persons, whereas the prevalence of pain for 12 months was 30%-50% [1] . NP relief is associated with increased functions and QOL in patients suffering from NP [19] . The VAS and Numeric Rating Scale are generally used to eval-uate pain level before versus after the intervention. The VAS and self-rated pain scale were used in the reviewed articles. All except one study reported that the pain was significantly changed after the intervention [16] . In other words, scapular stabilization may reduce NP. However, these studies had short-term intervention periods of 4-10 weeks; therefore, we could not identify the long-term effect of scapular stabilization. A systematic review reported that most previous studies included a short-term followup [16] . Therefore, further studies are required to identify the long-term effect and compare neck-focused intervention and SSE in patients with nonspecific NP.
Neck dysfunction is most commonly assessed using the NDI. In the reviewed articles, neck function was checked using the NDI in two articles [15, 17] , whereas two others did not measure neck function before versus after the intervention [14, 16] . Cervical dysfunction was improved in the intervention group in two studies. However, one study reported a significant difference within the exercise group, but not between the two groups [17] . Considering this review study, it is difficult to say that scapular stabilization improves neck dysfunction, although one study reported improvement [15] . Therefore, further studies are needed to identify the effect of SSE on neck function and to explain the mechanism by which neck function improves after scapular stabilization.
The trapezius muscles (i.e., upper and lower trapezius) and serratus anterior muscles, the main stabilizers, were targeted in this study [24] . The normal motion of the scapula is associated with proper firing and recruitment of scapula stabilizers involving the serratus anterior and the upper, middle, and lower trapezius muscles, resulting in the normal mechanism of force couples between muscles [28, 29] . Muscular balance of the scapular stabilizers is among the important factors of proper neuromuscular control of the scapular motion. An altered scapular position (protracted and downwardly rotated) is commonly seen in patients with cervical pain [27] . This alteration is related to abnormal muscle function of the scapula stabilizer during arm movement, resulting in lower activity of the lower trapezius and a delayed onset and duration of serratus anterior activity [11, 28, 30, 31] . To ensure normal muscle function during scapular motion, the main intervention goal is to inhibit over-activation of the upper trapezius and to enhance the weakened lower trapezius and serratus anterior muscles [9, 27] . In the reviewed articles, the exercises focused on enhancing the periscapular muscles, such as the serratus anterior and the middle and lower trapezius muscles. An intervention consisting of different exercise types should be considered when analyzing the SSE results, although these exercises focused on the same muscles mentioned in previous studies.
QOL was evaluated in only one study using the QOL Assessment-Brief questionnaire [15] . QOL improved after a 4-week intervention. Various questionnaires have been used to evaluate QOL in patients with cervical pain [32] . Chronic NP is weakly associated with a decreased QOL as measured using the Short-Form 36 questionnaire [33, 34] . Questionnaires are generally divided into two different types: disease-specific and general. Of the reviewed articles, only one measured QOL using a general questionnaire and the QOL Assessment-Brief questionnaire. Although one study reported SSE that could improve the QOL of patients with NP, the data is insufficient to allow the generalization of this result regarding the effect of SSE. Therefore, further studies are needed to identify the effect of SSE on QOL using disease-specific and general questionnaires.
The review study has some limitations. First, we searched only four large databases (PubMed, EMBASE, CINAHL, and Cochrane Library). This could have led to the occurrence of unidentified relevant articles. Further systematic reviews or meta-analyses that include searches of other large databases, such as OVID or Google, are required. Second, the reviewed articles provide relatively few data regarding the effect of SSE. This limitation could affect the generalization of the findings of this review study. Further large trials are needed to define SSE in patients with nonspecific NP considering the insufficiency of data from the four studies reviewed here. Third, the reviewed articles did not measure consistent variables, including pain scale, dysfunction, QOL, and testing methods. Therefore, it is difficult to generalize our results because of a mismatch of parameters, such as pain, dysfunction, and QOL. To overcome these problems, additional studies are needed to identify the clinical outcomes of SSE use in patients with nonspecific NP.
Conclusions
SSE could be considered an effective intervention for patients with nonspecific NP. However, it is difficult to generalize the results of this review study because the measured variables were not consistent among the four reviewed articles. Further studies are needed to gather additional strong evidence to identify the effectiveness of SSE for pain, dysfunction, and QOL of patients with NP.
